Reservoir heterogeneities exist at several length scales. Reservoir properties will depend on the scale that we are analysing on the reservoir (from core to grid block). Facies are normally identified in cores and classified based on microscopic and small scale features such as lithology, grain size, texture, sedimentary structure, colour and fossil content. However, facies information is only available in a few cored wells or in wells with high vertical resolution logging. Conventional logging is usually available in all wells, but it only provides information at a medium scale. This information can be calibrated with geological facies to generate electrofacies (also called petrofacies), 1 from which reservoir property distributions can be predicted using 3-D modelling techniques. In this paper, core and log information is integrated to create a facies and electrofacies database. Small-scale geological facies are calibrated with logs and used to generate electrofacies by using statistical analysis. More detailed geological models are then generated using electrofacies data. The impact of using an electrofacies scehme over the traditional log-derived facies scheme during stochastic modelling of reservoir facies has been demonstrated. Modelling performance prediction using both methods is analysed for the different stochastic realisations. The use of * Currently with PDVSA S.A. Venezuela electrofacies schemes has been proved to give more accurate prediction of reservoir heterogeneity.
Introduction
Proper modelling of reservoir heterogeneity is one of the main goals during the reservoir characterisation process. Recovery efficiencies are in many cases lower than initial predictions due to the effect of reservoir heterogeneities that can cause complicated fluid flow patterns and therefore regions of bypassed oil 2 . To properly represent reservoir heterogeneity, it is necessary to collect and integrate all available reservoir data. However, full data integration is difficult to achieve due to time and budget limitations or because of intrinsic data characteristics 1 . Field data are usually coming from different sources (cores, logs, seismic, etc.) and at different length scales (microscopic, small, medium and gigascopic scale) making this integration process particularly difficult (Fig. 1) . Medium and small-scale heterogeneities can be responsible for
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Integration of Core and Log Information To Improve the Representation of Small/Medium-Scale Heterogeneity C. Coll,*, X. D. Jing, and A.H. Muggeridge, Imperial College, London the presence of non-contacted oil regions between wells, poor communication between sand bodies or oil trapped in small scale structures 2 . The proper representation of all these heterogeneity scales ( Fig. 1) should be considered as an important task during the modelling process of modelling reservoir facies. However, small-scale heterogeneities (Fig. 2) When high-resolution logging is available, main efforts are directed towards cored wells where core-log calibration can be performed. The purpose of this calibration is usually to identify prospective reservoir zones and to calibrate the facies response on these logs to adjust the petrophysics parameters and to improve the petrophysical model. Borehole image logs are also used to provide the sedimentologist with information about the environment of deposition and sedimentary or structural dips. Despite the potential use of a wide range of high-resolution logs to identify and describe small-scale reservoir facies, their use is usually limited to qualitative interpretations of heterogeneity on wells that have been cored. The detailed facies information from cored wells are rarely extrapolated and incorporated quantitatively during the reservoir facies modelling stage. In uncored wells, facies models are usually built using facies interpretations that are based on standard correlation procedures where only limited low resolution logging data such as electrical or gamma ray logs are used. This is not only because these logs are usually available throughout the field but also because their behaviour is generally very well understood. In this paper, we use electrofacies interpreted from well logs to improve the representation of small/medium scale heterogeneities. The impact of using this information to generate the reservoir facies model is tested using stochastic modelling techniques.
Standard Facies Modelling
Geological facies are interpreted using key well information and then extrapolated to other wells using well to well correlation techniques. These facies are usually interpreted based on the identification of typical log curve shapes and trends. Logs such as resistivity and gamma ray are used to identify typical log shapes corresponding to channel or bar sand facies. However, due to the limited amount of log information used during this interpretation (only two or three curves) and the low vertical resolution of some of these logs, the interpreted facies distribution is in many cases a simplistic representation of the actual facies distribution in the reservoir. The use of limited log information implies that only main features could be represented in the facies model. The problem can be exacerbated when complex combinations of small-scale sedimentary structures appear in small depth intervals (Fig. 3) making it impossible to detect those features using a few conventional log curves. Reservoir performance prediction based on this unrealistic model will be in error as actual reservoir heterogeneity is not represented in the facies model.
Reservoir Electrofacies Modelling
Electrofacies modelling was performed following the procedure outlined by Serra et al. (1982) . Principal component analysis of all available log information is performed on the key wells where core and/or high resolution logging is available. Principal component analysis is used to define the log information that is more important for facies detection using logs. Facies are then grouped together by using bivariate and multivariate facies analysis or cluster analysis (Fig. 4) .
Electrofacies
Analysis 
Fig.4: Projection of interpreted facies on cores to interpret electrofacies on various log cross-plots .
A lithofacies database is then generated and used to interpret facies on uncored wells where only low vertical resolution log data is usually available. The new database is used to interpret the electrofacies that are present for the remaining uncored wells at a small to medium scale. Figure 5 shows a comparison between the geological facies interpreted using only electrical and radioactivity logs (standard geological facies approach) and the electrofacies interpreted using all relevant log information. Interpreted electrofacies are in close agreement with the facies interpreted in cores as shown on the right hand track. This is because the electrofacies computation permits the inclusion of small scale information provided by high resolution logs allowing for a better description of the geological column.
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In this way, core and log information can be fully integrated during the facies modelling process.
Stochastic Modelling
Stochastic modelling can be used for different purposes.
Honouring reservoir heterogeneity and assessing uncertainty in the reservoir model are the main objectives of stochastic modelling. Assessing uncertainty is accomplished by generating multiple equal-probable realisations of the reservoir that are consistent with the available information. In some cases only the best and worst possible scenarios are evaluated and used to assess reservoir uncertainty (Fig. 6) . In other cases the 'space of uncertainty' is sampled using hundreds or thousands of alternative models (Srivastava, 1982) . In the latter case stochastic modelling is used for Monte Carlo risk analysis and a distribution of possible values of critical reservoir parameters is generated (Fig. 6 ). Any of these two approaches should provide the engineer with possible reservoir models that will allow him the design of a reservoir plan flexible enough to handle reservoir uncertainty.
Stochastic Modelling using Electrofacies
The first objective of this work was to evaluate the impact that the use of electrofacies models can have on the assessment of uncertainty. Stochastic modelling methods were used to assess uncertainty when standard facies or electrofacies information is used to generate the facies model. A pilot area was selected from a heterogeneous reservoir where two cored wells are available (Fig. 7 ).
Figure 7: Pilot area showing the key wells.
A facies database was built using small-scale core data and high-resolution logging available on two key cored wells (Wells 1 and 2 in Figure 7 ). Four different facies were interpreted on cores for this pilot area: tidal channels, tidal bars, distributary channels and shales. Small-scale facies information was analysed on these wells and compared with all available log data using multiple cross-plots. Electrofacies were defined on the key wells and cross-plots used to identify and extrapolate the interpreted electrofacies to other wells where only low vertical resolution logs were available. Stochastic realisations of the reservoir were performed using two sets of data: facies data and electrofacies data. The facies models were built to grid blocks of only one feet to preserve the small to medium scale heterogeneities and variability. Models of one million blocks were built for each stochastic realisation. Multiple stochastic realisations were performed using the same grid number and size. For the first set of realisations, twenty facies models were generated using standard geological facies interpretation. At the same time, a second set of twenty stochastic realisations was built using electrofacies data.
Comparisons between the two sets of realisations were made. The success or failure of the two sets to describe the actual reservoir facies distribution was judged by comparing the facies/electrofacies percentage predicted in a cored well. The percentage of a given facies against depth was calculated for all the realisations using facies and electrofacies data. Core information was available in the test well and therefore the facies/electrofacies percentage can be compared against the actual facies observed on cores. This calculated percentage is compared with the actual facies observed on cores in the test well. Figure 8 presents the electrofacies interpretation made on five wells and the actual facies model generated using only the standard correlation interpretation on the target reservoir.
Results and Discussion
Shale Tidal Channel Tidal Bar
Distributary channel Stochastic realisations performed using standard facies interpretation (Fig. 9) are only showing medium scale heterogeneity, thus failing to predict the actual facies distribution on the test well (Well 3). Facies are correctly represented on the key cored well as expected. Due to the limited amount of information used for the facies description on wells without core (well 2), a low degree of variability is observed on the interpolated facies. Results of stochastic realisations performed using electrofacies show how small to medium scale heterogeneity are better represented. Some of the very thin layers corresponding to distributary and tidal channel facies are showing good correspondence with the actual facies observed on the key well (Fig. 10) . To rank the performance of the facies models, we calculated the percentage of a given facies against depth for all the realisations using facies data. This calculated percentage is compared with the actual facies observed on the cored test well (Fig. 11) . In the electrofacies modelling, all the facies: tidal bar, shale, distributary channel and tidal channel facies are correctly predicted. Comparison of Figures 11 and 12 shows that the best prediction is obtained from the stochastic realisations based on electrofacies analysis.
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Discussion and Conclusions
The use of electrofacies analysis allows us to interpret the facies that are present in each well making full use of all the available information from the wells. Electrofacies analysis cannot substitute facies interpretation from core information but it is a useful tool for detecting reservoir heterogeneities when core information is scarce and only log information is available. It helps to integrate all available information, and to perform a better assessment of uncertainty on the reservoir model when heterogeneity is present.
The main conclusions of this work are:
1. The electrofacies scheme leads to better representation of small/medium scale heterogeneities in the reservoir.
2. It provides a methodology for integrating reservoir information at different scales.
3. The proposed methodology enables better characterisation and modelling of heterogeneous reservoirs and assessment of uncertainty in reservoir models.
4. Electrofacies can also be used for interpreting the depositional environment and for well to well correlation.
